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PURPOSE: The titled composition, obtained by adding a specific modified propylene- 
a-olef in random copolymer, etc. to propylene polymer and a thermoplastic polyester, 
and having improved rigidity and heat and impact resistance. 
CONSTITUTION: A thermoplastic resin composition consisting of (A) propylene 
polymer, (B) a thermoplastic polyester, (C) a modified propylene-a-olef in random 
copolymer prepared by grafting (i i) 0. 01 W5wt% graft ing monomer consisting of an 
unsaturated carboxylic acid (derivative) onto (i) a propylene-a-olef in random 
copolymer having 0W30wt% crystal I in ity and 50W70mol% propylene content to modify 
the copolymer, (D) a hydrogenated styrene-butadiene block copolymer and (E) an 
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1. Title of the Invention: 



THERMOPLASTIC RESIN COMPOSITION CONTAINING 
AN INORGANIC FILLER 



2. Scope of the Patent Claim 

(1) A thermoplastic resin composition containing an inorganic filler characterized by 
a composition comprising a propylene polymer (A), a thermoplastic resin polyester (B), a 
modified propylene«a-olefin random copolymer (C), a hydrogenated styrene«butadiene 
block copolymer (D) and an inorganic filler (E) wherein the modified propylene*a-olefin 
random copolymer (C) is obtained by 0.01% by weight to 5% by weight graft modification 
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using a graft monomer selected from unsaturated carboxylic acids or their derivatives of 
a propylene»a-olefin random copolymer (G) with a degree of crystallization of zero to 
30% by weight according to X ray and a propylene content of 50% by mole to 70% by 
mole and component (C) is present in one to 80 parts by weight, component (D) is 
present in one to 50 parts by weight and component. (E) is present in five to 150 parts by 
weight per 100 parts by weight of the sum of components (A) and (B). 

3. Detailed Description of the Invention. 

The present invention deals with a thermoplastic resin composition containing an 
inorganic filler. More specifically, the present invention deals with a thermoplastic resin 
composition containing an inorganic filler composed mainly of a polypropylene with 
excellent rigidity, heat resistance and impact resistance and a thermoplastic polyester. 

Polypropylenes containing an inorganic filler particularly glass fiber-reinforced 
polypropylenes (henceforth referred to as FR-PP) have much better heat resistance, 
rigidity and the like than ordinary crystalline polypropylenes, and they are mold 
processed and used in industrial parts, electrical equipment parts, automotive parts or 
sporting and leisure goods as engineering plastics. However, they have lower impact 
resistance than glass fiber-reinforced engineering plastics, for example, glass fiber- 
reinforced nylon, polycarbonate and the like and are currently not used extensively in the 
applications where Impact resistance is needed. 

On the other hand, thermoplastic resin polyesters containing an inorganic filler 
among them glass fiber-reinforced thermoplastic resin polyesters (henceforth sometimes 
referred to as FR-PES) are frequently used in light electrical parts since they have high 
thermal deformation temperature and good electrical properties. However, FR-PES has 
problems associated with poor hot water resistance and declining impact strength. The 
proposal to blend the aforementioned FR-PP and FR-PES to achieve excellent heat 
resistant rigidity and improve hot water resistance was disclosed in Japanese Patent 
Report S57-57489 and Unexamined Japanese Patent Application S49-120949. 
However, the compatibility between polypropylene and thermoplastic polyester is 
extremely poor, and the impact strength of the mixture described above cannot be said 
that it is exceptional. 

Therefore, the improved impact resistance of a composition comprising 
polypropylene, thermoplastic polyester and an inorganic filler was extensively 
investigated. As a result, the inventor discovered that the addition of a specific modified 



propylene«a-olefin copolymer and styrene type block copolymer to the composition 
described above achieved the goal, and the present invention was developed. 

That is, the present invention is a thermoplastic resin composition containing an 
inorganic filler characterized by a composition comprising a propylene polymer (A), a 
5 thermoplastic resin polyester (B), a modified propylene^a-olefin random copolymer (C), 
a hydrogenated styrene*butadiene block copolymer (D) and an inorganic filler (E) 
wherein the modified propylene*a-olefin random copolymer (C) is obtained by 0.01% by 
weight to 5% by weight graft modification using a graft monomer selected from 
unsaturated carboxylic acids or their derivatives of a propylene«a-olefin random 

10 copolymer (G) with a degree of crystallization of zero to 30% by weight according to X 
ray and a propylene content of 50% by mole to 70% by mole and component (C) is 
present in one to 80 parts by weight, component (D) is present in one to 50 parts by 
weight and component (E) is present in five to 150 parts by weight per 100 parts by 
weight of the sum of components (A) and (B). The propylene polymer (A) used in the 

15 present invention is a crystalline variety, and its density is preferably from 0.89 g/cm 3 to 
0.93 g/cm 3 and the melt flow rate (MFR: ASTM D 1238 L) is from 0.01 g/10 min to 50 
g/10 min. The propylene polymer (A) is either a homopolymer of propylene or a block or 
random copolymer of propylene with a small amount of an a-olefin such as ethylene, 1- 
butene, 4-methyl-1-pentene, 1-hexene and the like. 

20 As the propylene polymer (A) used in the present invention, the use of a 

propylene polymer graft modified ordinarily from 0.001% by weight to 10% by weight or 
preferably from 0.1% by weight to 5% by weight using a graft monomer selected partially 
or entirely from unsaturated carboxylic acids or their derivatives is preferred due to 
additional excellent improvements in the impact resistance and the like. 

25 The thermoplastic polyester (B) used in the present invention is a pblyester 

formed from dihydroxy compound units selected from aliphatic glycols such as ethylene 
glycol, propylene glycol, 1,4-butane diol, neopentyl glycol, hexamethylene glycol and the 
like; alicyclic glycols such as cyclohexane dimethanol and the like; aromatic dihydroxy 
compounds such as bisphenol and the like; or at least two of them and dicarboxylic acid 

30 units selected from aromatic dicarboxylic acids such as terephthalic acid, isophthalic 
acid, 2,6-naphthalene dicarboxylic acid and the like; aliphatic dicarboxylic adds such as 
oxalic add, sucdnic add, adipic add, sebadc add, undecadicarboxylic acid and the like; 
alicydic dicarboxylic adds such as hexahydro terephthalic add and the like or at least 
two of them. The thermoplastic polyester (B) may be modified using a small amount of a 
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polyhydroxy compounds containing at least three hydroxyl groups such as triols and 
tricarboxylic acids as long as the polyester displays thermoplasticity. As these 
thermoplastic polyesters, polyethylene terephthaiate), poly(butylene terephthalate), 
poly(ethylene isophthalate*terephthalate copolymers and the like may specifically be 
5 cited. 

The modified propylene«a-olefin random copolymer (G) used in the present 
invention is a copolymer graft modified from 0.01% by weight to 5% by weight or 
preferably from 0.1% by weight to 1.0% by weight using a graft monomer selected from 
unsaturated carboxylic acids or their derivatives on a propylene«a-olefin random 

10 copolymer (C) with a degree of crystallization determined using X ray of zero to 30% and 
with a propylene content of from 50% by mole to 70% by mole or preferably from 55% by 
mole to 65% by mole. The glass transition point of a propylene copolymer is high and 
the impact resistance of a propylene polymer composition is almost not improved even 
when a copolymer is graft modified to the point the degree of crystallization is 30% for 

15 the propylene«a-olefin random copolymer (G) and the propylene content exceeds 70%. 
Simultaneously, the impact resistance improvement effect of a propylene polymer 
composition is small even when a copolymer obtained by modifying a propylene^a-olefin 
copolymer with a propylene content of less than 50% by mole is used perhaps due to a 
decline in the affinity to polypropylene. In addition, said propylene^a-olefin random 

20 copolymer (G) with an intrinsic viscosity fa) from 2 dl/g to 10 dl/g ordinarily measured in 
decalin at 135°C is preferred, but the range of from 3 dl/g to 6 dl/g is even more 
preferred. 

When a copolymer with the (r\) outside the range described above is used, the 
difference in the molten viscosity between the modified propylene«a-olefin random 

25 copolymer and the aforementioned propylene polymer (A) and the thermoplastic 

polyester (B) tends to increase. The dispersion effect cannot be said to be adequate, 
and the improvement in the impact resistance is not adequate. 

In addition to the aforementioned properties, said propylene#a-olefin random 
copolymer (G) having a micro isotacticity (henceforth abbreviated to MIT) of at least 0.7 

30 and also at least 0.8 in the three propylene chains and a boiling n-heptane insoluble 
fraction of 5% by weight or less or also 3% by weight or less is preferred. When a 
copolymer (G) with micro isotacticity of less than 0.7 is used, low molecular weight 
substances bleed out to the molded product surface after aging and a tackiness 
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phenomenon is encountered. In addition, when too much boiling n-heptane insoluble 
fraction is present, the use of such a copolymer sometimes results in poor improvement 
in the impact resistance due to the presence of a large amount of a component obtained 
by the block polymerization of propylene. 
5 Micro isotacticity is a value representing the fraction occupied by three 

isotactically oriented propylenes when 13 C nuclear magnetic resonance spectrum is 
focused on the three propylene chain segments. 

A boiling n-heptane insoluble fraction is quantitatively determined according to 
the method described below. That is, a small specimen about 1 mm x 1 mm x 1 mm and 

10 glass beads are placed in a cylindrical glass filter (G3) and are extracted for fourteen 
hours using a Soxhlet extractor. The reflux frequency at this point is about once/five 
minutes. The % by weight of the insoluble fraction was obtained by weighing the soluble 
segment or the insoluble segment. 

The propylene«a-olefin random copolymer (G) with a propylene content of 50% 

15 by mole to 70% by mole having the aforementioned properties can be, for exampje, 
obtained through random copolymerization of propylene and an a-olefin using a catalyst 
formed from a complex (a) containing at least magnesium, titanium and halogen, an 
organometallic compound (b) of a group 1 to group 3 metals in the periodic table and an 
electron donor (c). A portion or whole of the electron donor (c) described above may be 

20 partially or entirely fixed on a complex (a) or brought in preliminary contact with an 

organometallic compound (b) prior to use. A particularly preferred mode involves fixing 
of a portion of the electron donor (c) on a complex (a) and addition of the remainder to 
the polymerization system without any further treatment or a mode in which the electron 
donor (c) is brought in preliminary contact with an organometallic compound (b). In this 

25 case, the electron. donor fixed to a complex (a) and the electron donor added to the 
polymerization system without any further treatment or brought in preliminary contact 
with (b) may be identical to or different from each other. 

As the a-olefin component unit constituting said propylene«a-olefin random 
copolymer (G), a-olefins with at least two carbon atoms (however, three is excluded), 

30 particularly a-olefins containing two to about eighteen carbon atoms such as ethylene, 1- 
butene, 1-hexene, 4-methyM-pentene, 1-decene and the like, may be listed as 
examples and they can be used individually or a mixture of at least two. Said 
propylene*a-olefin copolymer is ordinarily a copolymer of a propylene component and 
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an a-olefin. However, in some cases, a trace amount, for example, 0.5% by mole or 
less range of a diene component may be present without interfering. 

As the unsaturated carboxylic acid or its derivatives, unsaturated carboxylic acids 
such as acrylic acid, maleic acid, fumaric acid, tetrahydrophthalic acid, itaconic acid. 
5 citraconic acid, crotonic acid, isocrotonic acid, IMadic acid® [endo-cis-bicyclo (2,2,1) 
hepto-5-en-2,3-dicarboxylic acid] and the like or their derivatives, for example, acid 
halides, amides, imides, anhydrides, esters and the like may be cited. More specifically, 
malenyl chloride, maleimide, maleic anhydride, methyl acrylate, methyl methacrylate, 
citraconic anhydride, monomethyl maleate, dimethyl maleate, glycidyl maleate and the 
10 like may be listed as examples. Of these, unsaturated dicarboxylic acids or their acid 
anhydrides are ideal, and maleic acid, Nadic acid® or their acid anhydrides are 
particularly ideal. 

When producing the aforementioned modified propylene«a-olefin random 
copolymer (C) by graft polymerizing a graft monomer selected from said unsaturated 

15 carboxylic acids or their derivatives on a propylene*a-olefin random copolymer (G), a 
variety of previously well known methods may be used. For example, a method in which 
a propylene^a-olefin random copolymer (G) is melted and a graft monomer is added to 
allow graft copolymerization to occur or a method in which the copolymer is dissolved in 
a solvent and a graft monomer is added to allow graft copolymerization to occur may be 

20 used. In either case, the reaction is preferably conducted in the presence of a radical 
initiation agent to allow the aforementioned graft monomer to efficiently undergo graft 
copolymerization. The grafting reaction is ordinarily conducted at a temperature of 60°C 
to 350°C. The proportion with which a radical initiation agent is used is ordinarily 0.001 
part by weight to one part by weight range per 100 parts by weight of a propylene^a- 

25 olefin random copolymer. The radical initiation agent may be an organic peroxide, 
organic perester, for example, benzoyl peroxide, dichlorobenzoyl peroxide, dicumyl 
peroxide, di-tert-butylperoxide, 2,5-dimethyl-2,5-di(peroxide benzoate) hexene-3, 1,4- 
bis(tert-butylperoxyisopropyl) benzene, lauroyl peroxide, tert-butyl peracetate, 2,5- 
dimethyl-2,5-di(tert-butylperoxy) hexene-3, ^S-dimethyl-^S-diftert-butylperoxy) hexane, 

30 tert-butyl perbenzoate, tert-butyl perphenyl acetate, tert-butyl perisobutyrate, tert-butyl 
per-sec-octoate, tert-butyl perpivalate, cumyl perpivalate and tert-butyl perdiethyl acetate 
as well as azo compounds, for example, azo-bis-isobutyronitrile, dimethyl azo-iso- 
butyrate. Of these, dialkyl peroxides such as dicumyl peroxide, dkert-butyl peroxide, 
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2,5-dimethyl-2 l 5-di(tert-butyl peroxy) hexene-3, 2,5-dimethyl-2 l 5-di(tert-butyl peroxy) 
hexane, 1,4-bis(tert-butyl peroxy isopropyl) benzene and the like are preferred. 

The hydrogenated styrene#butadiene block copolymer (D) is a block copolymer 
obtained by at least 80% hydrogenation of the butadiene segment of a block copolymer 
containing at least one each of styrene and butadiene blocks, and it preferably contains 
1 0% by weight to 60% by weight of styrene, has a density in the range of from 0.88 to 
0.94 and has a melt index (200°C. 5 kg) of about ten or less The block construction of 
this block copolymer may have a linear or branched structure such as (S-B) n , (S-BJ^or 
(S-BW (where S indicates a styrene block, B indicates a butadienie block, n is an integer 
one to five, m is an integer two to seven and x indicates a polyfunction^ compound in 
which X is obtained by the condensation of m units of the polymer) and may include 
tapered sections or partially random sections. 

As the inorganic filler (E) used in the present invention, a powder-like filler, for 
example, oxides such as alumina, magnesium oxide, calcium oxide, zinc white and the 
like; hydrated metal oxides such as aluminum hydroxide, magnesium hydroxide, basic 
magnesium carbonate, calcium hydroxide, hydrated tin oxide, hydrated zirconium oxide 
and the like; carbonate salts such as calcium carbonate, magnesium carbonate and the 
like; silicate salts such as talc, clay, bentonite, attapulgite and the like; borate salts such 
as barium borate, zinc borate and the like; phosphate salts such as aluminum 
phosphate, sodium tripolyphosphate and the like; sulfate salts such as plaster and the 
like; sulfite salts; mixtures of at least two of them; fibrous fillers such as glass fibers, 
potassium titanate fibers, metal wrapped glass fibers, ceramics fibers, wollastonlte, 
carbon fibers, metal carbide fibers, metal cured fibers and the like; spherical materials 
such as glass beads, glass balloons, sirasu balloons and the like; glass powder, glass 
flakes, mica and the like may be cited. Of these, glass fiber is particularly preferred. 

The thermoplastic resin composition containing an inorganic filler of the present 
invention constitutes 95 parts by weight to five parts by weight or preferably 90 parts by 
weight to 40 parts by weight of the propylene polymer (A) described above and five parts 
by weight to 95 parts by weight or preferably 10 parts by weight to 40 parts by weight of 
the thermoplastic polyester (B) (selected so that the sum of the two is 100 parts by 
weight) as well as one part by weight to 80 parts by weight or preferably ten parts by 
weight to 40 parts by weight of the modified propylene»a-olefin random copolymer (C), 
one part by weight to 50 parts by weight or preferably three parts by weight to 20 parts 
by weight of the hydrogenated styrene^butadiene block copolymer (D), five parts by 



weight to 150 parts by weight or preferably ten parts by weight to 100 parts by weight of 
the inorganic filler (E) per 100 parts by weight of the sum of the two components. When 
the propylene polymer (A) is used in less than five parts by weight, the effect of adding a 
propylene polymer is not observed. Simultaneously, when the amount exceeds 95 parts 
5 by weight, the improvements in the heat resistance, rigidity, coating properties, oil 
resistance and the like derived from the thermoplastic polyester (B) are not observed. 
The impact resistance of a composition is not improved when the modified propylene^a- 
olefin random copolymer (C) and the hydrogenated styrene^butadiene block copolymer 
(D) are added in less than the parts by weight described above. When the same 

10 exceeds the amount described above, the rigidity, heat resistance, oil resistance, 
surface hardness and the like of the composition decline extensively. 

When less than five parts by weight of an inorganic filler (E) is added, the rigidity, 
heat resistance and the like of the composition are not improved. When the amount 
exceeds 1 50 parts by weight, the defects are more pronounced. For example, the melt 

15 fluidity of the composition is poor, the appearance is poor and the like. 

In order to obtain a thermoplastic resin composition of the present invention 
containing an inorganic filler, the aforementioned propylene polymer (A), thermoplastic 
polyester (B), modified propylene»a-olefin random copolymer (C), hydrogenated 
styrene«butadiene block copolymer (D) and inorganic filler (E) may be mixed in the 

20 aforementioned ranges according to various well known methods, for example, using a 
Henschel mixer, V-blender, ribbon blender, tumbler blender, and the like to melt knead, 
form into granules or grind. 

A heat resistance stabilizer, a weather resistance stabilizer, an electrostatic 
charge inhibitor, a lubricant, a slip agent, a seeding agent, a flame retarding agent, a 

25 pigment of a -dye; other polymers and the like may be added to the cbrnposition of the 
present invention in the range that does not adversely affect the objectives of the 
present invention. 

The characteristics of the thermoplastic resin composition of the present 
invention containing an inorganic filler include adequate realization of the improvements 
30 in a propylene polymer due to a thermoplastic polyester and an inorganic filler and a 
dramatic improvement in the impact resistance of the composition upon adding the 
aforementioned specific modified propylene^ct-olefin copolymer and a hydrogenated 
styrene»butadiene block copolymer to improve the dispersion of the thermoplastic 
polyester and the compatibility with an inorganic filler. 



8 



A thermoplastic resin composition of the present invention containing an 
inorganic filler has much better impact resistance as well as a high level of rigidity, heat 
resistance, surface hardness and the like than the previously well known polypropylenes 
containing an inorganic filler. 
5 As described above, a composition of the present invention is equipped with 

rigidity and impact resistance, and, therefore, are ideal for the areas of application where 
previously FR-polyamide. FR-polycarbonate and the like have been used, for example, 
automotive parts, for example, air cleaner housings, cooling fans, tuners, seat backs and 
the like; electrical parts, for example, electric motor tool housings, motor fans, 
10 connecters, motor covers, coil bobbins and the like. 

Next, examples are cited to explain the present invention more specifically, but 
the present invention is not at all restricted to these examples as long as its essence is 
not exceeded. 

The measurement methods used in the examples of the present invention are 
15 described below. 

Tensile properties: ASTM D 638 

Flexing properties: ASTM D 790 

Izod impact strength: ASTM D 256 notched 

Thermal deformation temperature: ASTM D 648 18.6 kg/cm 2 load 
20 Falling ball Impact strength: An Iron sphere weighing 535 g was allowed to fall 

from a designated height on to a disk 2 mm thick. 
The height (kg«cm) from which the sphere was 
dropped and the disk was fractured was recorded. 

25 ^Production Example of a Modified Propylene^a-olefin Random Copolymer - ^ 

To 100 parts by weight of a propylene*ethylene random copolymer with a 
propylene content of 60% by mole, 0% degree of crystallinity, MIT of 0.96, boiling n- 
heptane insoluble fraction of 0.1%, boiling methyl acetate soluble fraction of 0,8% and 
fo] = 4.5 dl/g, 1.0 part by weight of acetone and a mixed solution comprising 0.01 part by 

30 weight of a.a'-bis-tert-butyl peroxy di-isopropylbenzene and 0.3 part by weight of maleic 
anhydride dissolved were mixed dropwise using a Henschel mixer. The mixture was 
converted into granules at 240°C using a 40 mm<D extruder, and a maleic anhydride- 
grafted propylene-ethylene random copolymer (modified PEC-1) with a degree of 
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crystallization of 0%, MFR of 10 g/10 min and maleic anhydride graft rate of 0.15% by 
weight was obtained. 

Example 1. 

5 Seventy-two parts by weight of a polypropylene (henceforth referred to as PP-1) 

with an MFR of 10 g/10 min, three parts by weight of a modified polypropylene 
(henceforth referred to as modified PP) with a melt flow rate of 16 g/10 min and maleic 
anhydride graft rate of 3.8% by weight, 25 parts by weight of a poly (butylene 
terephthalate) (henceforth referred to as PBT) with an intrinsic viscosity ft] measured at 
10 25°C in an o-chlorophenol solution of 0.65 dl/g, ten parts by weight of a modified PEC-1, 
five parts by weight of a hydrogenated styrene»butadiene block copolymer (trade name: 
Clayton G 1652, Shell Kagaku K.K., styrene content 15.5% by weight, MFR6, henceforth 
referred to as SEBS) and 30 parts by weight of 3 mm long glass fibers (henceforth 
referred to as GF) were dry blended using a tumbler blender and were subsequently 
15 formed into granules at 240°C using a 40 mm<D extruder . The pellets were dried and 
injection molded at 260°C to prepare the specimens for measuring the properties. 

The results are shown in Table 1 . 
Examples 2-4 and Comparative Examples 1-4. 

The operations described in Example 1 were similarly conducted with the 
20 changes in the amount ratios of SEBS and modified PEC-1 shown in Table 1 . 
The results are shown in Table 1 . 
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Example 5 and Comparative Examples 5-6. 

The operations described in Examplel and Comparative Examples 2 and 4 were 
similarly conducted using mica (Suzu Light Mica, 200 mesh pass) in place of GF used in 
Examplel and Comparative Examples 2 and 4. 
5 The results are shown in Table 2. 

Example 6 and Comparative Examples 7-8. 

The operations described in Examplel and Comparative Examples 2 and 4 were 
similarly conducted using talc (average particle diameter 4 \i) in place of GF used in 
Examplel and Comparative Examples 2 and 4. 
10 The results are shown in Table 2. 

Example 7 and Comparative Example 9. 

The operations described in Examples and Comparative Example 5 were 
similarly conducted using a composition of 72 parts by weight of PP-1 and three parts by 
weight of the modified PP in place of 75 parts by weight of PP-1 used in Example 5 and 
15 Comparative Example 5. The results are also shown in Table 2. 
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